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Rough Drafr i/3

Introductlon

water rights in the sevier basin have become a highry conprex

and controversal subject. More surface vrater may have been approprlated

than what is actually available in the system. Thus, lower users depend

upon return flow from upper users to fu1fil1 their rrater rights. rf
the upper usiers rrere to increase their cons'mptive use, so that they
reduced the return flowrwater to the lower users could be decreased.

Ttre water users on the l0wer part of the sewier River are con_

cerned that if sprinkler expansion on the upper sevier continues, their
supply of water could be greatly reduced. rn vi_ew of this fact, the
lower users requested a study be made to determine what impact sprlnklers
would have on return flow.

The system chosen to be studied was city creek whlch isatributary
to the upper sevier. city creek rrrigation co. owns 3/4 ot the total
flow for the irrigation of about 300 acres. rhe remalnder is owned by the
residents of Junction for the irrigation of lawns and gardens. city creek
rrrigation co' has recently installed a sprinkler system on their lands.
Part of the o1d frood system is stilr in contac', thus naking a study
between the two systems possible. T\nro 2\ acre test plots on the farm of
i"Ir' Glade Jensen were chosen as test sites. This area was still able to
utilize the flood system. The soil characterlstics are such that the
available water in a 5-foot root zone, is about g or 9 inehes when the
soil is at field capacity. The top layer is loam soil, the s&nd layer
is a very fine sandy loam, and the third layer is a sandy loam. Gravel
streaks under the top soil are also cornnon.



One of the test plots was i-rrigated as to simulate flood irrigation
in the past. The other plot was sprinkler irrigated. The anount of
Idater applied to eaeh plot was ueasured and the efficiencies determined.

Fron this data, the amount of water that was deep$ percolated was then

estinated. The description and results of the tests performed are as

follows:

The type of tests made during the study were: soil-water tests
made at most irrigations, cyllnder infiltrometer tests, tests made to
determine salt movement' and a seepage analysis to determine conveyance

losses. These tests were to be performed as crosery as possible to
simulate conditions in the past. However, before the sprinkler system,

was installed, the flood irrigation system utilized a pond in which the

rilater nas stored during the nlght. storing the water during the night
enabled the irrigator to double the flow that he would have had other-
wise' This larger flow would help to increase efficiency because the

larger head would force the water over the land faster. As stat.ed pre-
wiously, city creek Irrigation co. owns only 314 of the total flow;
however, to compensate for not being able to store the water, the full
stream flow was diverted although the flow rdas not nearly as large as

if it had been ponded during the night. Thus, the application efflciency
determined during this study is probably lower than it would have been

if the land had been irrigated under th(p old system.

Irrigation Tests

seven tests were taken out of a total of elght flod/irrigatlons.
Each test consisted of measuring the soil moisture before (hereafter called
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dry holds) and after (hereafter called wet holes), the irrigation, and at
three different locations throughout the field. The amount of water

applied to the field was measured through a parshall flune and cipolletti
welr' The flurne consistently read about 52 more than the weir. The flune
was bent and therefore, the weir was considered most accurate. The dif-
ference between the amount of water added to the soil and that applied was

considered to be deep percolation, since only negligible runoff occured

during the irrlgations. The irrigations were couunenced on June gth and

!'tere comPleted August 23rd'. The 3rd irrigation on July 2nd was the one not
tested due to a misunderstanding of when it was to take place. The efficiency
is defined by dividing the amount of water stored in the root zone by the
amount applied to the field. The efficiencies ranged fron 1002 to 4917 depending
mainly on the ltater available and the amount of land lrrigated. Table r
shows the amount of water applied to the field, the amount stored in the
root zone' and the efficiencies for each irrigatimtested. some questions may

arise as to why more water appeared in the root zone than what was actualry
applied' for irrigations 1 and g. Many sources of error are possible,
such as contaminati-on of soir samples, sampres not taken in a trury repre_
sentatlve area, etc. However, the errors are not great, less than 12 for
number l" and BT". tor nrmrber g, which is probabry the highest error of the
tests.

rt is difficult to aceurately measure the land irrigated. The top
end of the field usually covered a wider strlp of land than did the botton.
Also' the land at the toP was usually better covered because of the greater
head on the water. At the bottom of the field, some of the rand was not
covered beca'se of the irregularities in the field. Gopher holes arso
nade it difficult to measure the land irrigated. A hore rnay receive an

?



an enLire furrow stream and bring it 50 or so feet away from the rest of

the irrigated area. Also, when the crop had full gror.rnd cover, it was

difficult to tell what had been irrigated and what had not; and there-

fore, it was even more difficult to neasure. These errors possibly could

have been corrected by measuring an exact parcel of 1and, and then rnaking

sure that this area was irrigated. However, thls sould not be in keeping

with the lrrigation practi.ces established by the farmers in the past. AIso,

the gopher holes and irregularities of the land would still have been a

problem.

Representative areas were chosen to take the soi-l sarnples. Therefore,
the tests after the irrigations nay have not been rn exactly the same

spots as the ones before. The spot where the dry soil samples were taken

before the lrrigation may have received more or less water than the average

area; and therefore, a dlfferent locatlon was chosen for the soil sarnples

after the lrrigation. This nay have intrtduced some error, but would be more

accurate than taking boEh tests in the same location, lf that location did
not accurately represent the irrigated area. This is especially true at
the lower part of the field.

'|,"'An estimated parcel of land that was to be irrigated r"" ii.ria.a
i-nto three Parts: top, niddle, and bottom. soll sanples were obtained

near the center of each part at depths of 6" , rt , 2t , 3r, and 4t . About

12 hours after the lrrigations, soil samples were again collected in each

section at the corresponding dept\s as the sanples.taken before the irri-
gation. The moisture content of each sample was determined by drying at
105oc until no weiglrt change occured. The difference between the dry and

$tet holes then indicated the amount of water added to the root zone during
the irrigation. Tests were taken to determine the bulk density of the soil



at different dePths throughout the soil profile. The first 3 values average

1'3 when rounded off. The last five values averaged 1.4 when rounded off.
These averaged values were the one that were used. The results are shown

in Table rr' This enabled the volume of water added to the root zone for
eaeh layer and each one-third section of land to be deterrnined. The results
of water added to the roo' zone for each irrigation are shown in figures
1 through 7' Each figure deplo<its the relative amount of water added to
each thlrd of the fleld (top, niddle, and botton). Each irrigation added

the most water to the top part of the field and the least to the bottom,
except for irrigation #3 rn whlch the niddle section showed the nosc water
added. This could have been because the test after the irrigation may

have been taken near a gopher hole which would have allowed more water to
infiltrate than would normaIly.

The intake characteristlc of the soil was found by performing cylinder
lnfiltroneter tests. 6"" results are i.n rather close agreemenc except
for one which was placed near a roadway that must have been more compacted

than the rest of the fierd. However, the others rdere very good. An

equatlon was developed to predict accumulated lntake as a function of time.
The equation was then used to predict accumulated intake for the given irri-
gation tlme, and then compared with the actual intake at the top end of
the field' rn five out of seven recorded irrigations, as shown in Table rrr,
the infiltration equation predicted more nater than what the soir moisture
tests lndlcated was added to the soil. Thls indicates that water was

passed on through the root zone, and was r_ost to the plant; thereby cor_
responding to the lower efficiencies. For i.rrigations one and elght, the
equation predicted ress water added to the root zone than what rdas rnessuagd
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------- The number of acres-.!hat1"."'iirrgated with the 3/4 strean flow are''--_,*\ll)
about 3ob-acres. rtr\ot{r ..r.Ft:..-foi rhe_ fr o{i, 426.8 acres. There arel )''. i | -. r .)''.- I I t-"'t
toa,, or,lcontl/nuou" 

"gleaq.;-r56, recordS'f''hor".r"r, based on observatlons

tnt\"{t "dg3r1i| uodaili.ii......n. rlow is very inadequare. rhe roral
flow \-.1.-.-gfi;"; rhe heaif or'.i".r"rn rras abour 1.5 c.f .s. This flow

n/'

--''affi-shed to ato,rt.i-o c.f.s. by the second-9f -6'i-rtrigarion and remained-'...-
there tf roughout urost*.-.the*uuL mosE oF=&=y!-'- nsi"g =1-1:::1s: .f L.25 c.f .s. for

. the 300 acres' evapotranspirt'tion requirements for the months of May

by the soil moisture test. Thus, showing that all of the \rater was added to

the root zone wtrich was applied to the field, thereby correspondlng to the

high efficienci.es.

Evapotranspi.ration rates were estinated fron daily recorded ten-
peratur€s; the percent of sunshine was also estimated from daily local
observations. A brief description of methods

piration and their results are shown in Table

evapotranspiration is npre than what was applied at any one place by the

flood lrrigation system. The Blaney-criddle is higher than the Jensen-

Haise for the earlier months of the season, but averages out about the
same' rt was considered impractical to try to predict the actual trans-
piratlon due to the lack of soil-water data. Each section of irrigated
land would have a dlfferent actual transpiration than another depending

on when it was lrrigated.

through september the water available would be about 12,, leavLng a deflcit
of 12r'.

Seepage Analysis

A seepage analysis was performed on oetober 29, Lg76. The inflow

d to predict evapotrans-
lv. The potential seasonal

b



was measured with a V-notched wei.r Just after the lst underground pipeline.

The ditch then proceeded eastward to Hlghway 89. At the Highway, it turned

south for approxlmately 300 feet then turned east again at the head of the

Jensenr s farm. The second welr was placed at the head of the Jensen farm.

The total length of ditch tested was 1120 feet. water was j.n the diLch for

three days prior to the tesg.

When the water ldas returned to the canal after setting the weirs,

the time was recorded for the initial head of water to go from the upper

weir to the lower weir. The tine recorded for the r,rater to pass between the

two weirs was 25 minutes. Therefore, the lower weir was read directly after
the upper weir and then again 25 ninutes after the reading of the upper weir.
Presumably this second reading of the lower weir would account for changes in
the quantlty of flow. The results are as presented in table F.

The flow varied throughout parts of the test. This nay have increased

the error, but would be partially accounted for in the "25 mi.nute-lag reading.,,
variance of flow can be attributed to clogging of the canal. Leaves and ice
accumulated at the entrances of the underground pipeline and caused the canal

L ar Q|"-to pond water and overflow. Since an underground pipellne rilas between the

two weirs' additional errors may have developed. During readlngs g and 9,
water was bei'ng ponded between the two weirs. This would decrease readings on

the lower weir, thus decreasing the efficiency. Tf these readings are not

u'sed, the average seePage loss is changed from 9271 to 952 which is probably

more realistlc' The same tyPe of soil was not encountered throughout the

entire length of canal tested. The rest of the canal consi.sted of rnore or iess
loam soil rather than of gravel. Therefore, it would not be feasible to
extrapolate the 5% seepage loss throughout the rest of 51000 - 61000 feet of



canal. Therefore, the seepage loss would be aboutr 52 when the water was used

to irrigate the Jensen farm and somewhere between 10 to 302 when the water

uas used at the far end of the svstem.

Sprinkler Irrigation
,As sr6iED 

- 
-<{'

QrrEvVtuStY , V-A V
''- Table * dEpicts Ehe nonthly total evapotranspiration for the

Blaney-Criddle and Jensen-Haise. For the months of May through September,

both.. nethods predict 24" of evapotranspirtation. Hor./ever, for the months of

Jtrne through Septenber the two methods show some discrepancy. Using the

Jensen-Ilaise method, with a seasonal evapotranspiration of 24 .inches, then

subtracting Mayrs evapotranspiration of 1 inch plus 1 inch of evaporation

leaves a requirement of 22 inches for the last four growing months. During

May the irrigation nater would be used to bring the soil profif. to field

capacity, if fall lrrigation and winter precipation had not brought the soil

to field capacity before then. Flow during May would be higher than evapo-

transpiration requlrements because of spring runofff, and also because of cool

temPeratures and early growth stages. Thus the last four growing months would be

the critical water months. Considering the last four growing months as having

an evaPotranspiration requirements of 22 inches, Ulltt average would be .18

inches and the two week a\rrage would 2.5 inches. 
-/tSt sv5'/Z^4 L-/)s uPrearlo (z''t',RS

EvEQf 7wo t^)EL/(.rt 7'lr:/1 ;t.)10/:.! /lt:ltt/91rti /)fPfultt'tt)zElf 9'?tN .EVEaY Twu tu/t'< s-
The City Creek systen uses 3/16 X f/A inch douhle nozzles with 40 X 60

foot sPacings and operates at about40 psi. From Arnes lrrigati-on Handbook the

uniformity coefficient (Cu) can be determined and thus the water lost to deep

percolation by the system. The calculati_on are as follows.

1. Typical profile "8" used page 5559

2. Effictive diameter = 80 feet reduced by LO%
for average 10 urph wind = 72 feet.

I



3. Profile "Brl

4. Spacing along dateral = 40 feet
% d|a = 40/72 = .56%

5. Spacing along main = 60 feet
7. dj-a = 60/72 - 83%
From table V-11 page SSS}?
7" dLa = 56%, Cu = 99"1

% dia = 83%; Cu = 68i(
Cu=.99X.68-677 *707"

-Beee-SES:A-
Max for any area = (T) (M) (3- 2cul100)

(6) (385)(3- z(..7)) = 3.7'r
Min for any area = (T) (M) (2cul100 - 1)

. (6)(.38s)(2[.7] - l) = .9"
Avg Gross Hlgh !5 - (T) (M) (2 - Cu/100)

(6)(.385)(2-.7) = 3.0"
Avg Gross Lout \1 = (T) (M) (Cu/100)

(6) (.385) (.7) = 1.6"

Considering that L/2 the irrigated area would receive an average

of 3.0 inches, the low L/2 recreves an average of 1.6 inches and the

evaportranspration requirements of 2.5 inches, then 3.o - 2.5 inches

equals .5 inches would be deep percolated for half of the area l-rrigated

or .25 inches for the entire area. Then .25/2.5 inches equals .l-0 or

LOY. bb the irrlgation water would be lost. Using the maximum and minimgm

application for any one area also glves a percolati-on loss of about 102.

These e$tinates do not lnclude evaporation losses #"tt" sprinkles,

however, the pressure was usually more than 40 psi, often as high as 45 psi.

This increased Pressure would apply about 3-62 more water which is the

extimated evaporation loss for 24 hour sprinkling on a groning crop. (page

555-6, Ames Irrigation Handbook).

Chemical Analvsis

Chemical analysis were perfomed on the two plots at the beginning

and end of the season. Tests were taken at the top and bottom of each

plot at depths of L, 2, 3 and 4 feet. However, for the first analysis the



1 and 2 foot and 3 and 4 foot;:tests were combined. These results are
ffipresented in Table EE.

The cheutical consitutuents at the top end of both plots were

relativel-y the same at the beginning and end of the growing season.

The bottom of the sprinkler plot had a slight lncrease in everything

tested except for chorides. The bottom portion of the flood system

did have an increase in salts from the beginning to the end of the season.

Thls would indicate that no leaching occured durlng the season. In fact

according to the flood irrigation tests very little water was applied to

the lower end of the plot (Fig. 1 - 8). Therefore, the chemical analysis

does agree with the soil--water tests in that no leaching occured in that

portion of the fleld. However, the increased salt conceqtrations may have

been caused by a l-eak in the pipe in this portion of rhe field. water

may have leaked fron the pipe, been evaportranspired, thus l-eaving salts

ln the root zone. In general it is assumed that the same amount of leachlng

occured in the root zone at the top of both p1-ots. At the bottom end of

the plots, no leaching occurred on the flood plot and maybe some lirnited

leaching on the bottom of the sprinkler p1ot.

Conclusions

The results of the flood irrigatlon tests indicated an efflclency

of about 802. The sprinkLer irrigation would be about 902. Thus, the

net difference between the two systems would be about 102. Storing the

rtater overnight, &d then irrigatip? with a 'rdouble stream'r would increase

the fLood irrigation efficiencies for the reasons noted previously.

seepage Losses woulcl be a maximum of 302 when irrigating the fields

lo



furthest from the diversion. The fields at the head of the system woul<l

lose around 5 to 7%. Therefore, the net difference between the two systems

would be L57" at the upper end and 407" at the extreme lower end of the systelr.

Averaging the seepage loss for the upper and lower fields, and adding the

difference in efficiency for the two systems gives a total average dl,fference

of 25 to 307" in efficiency between these two systems.

Further investigation rsould be necessary to arrive at more accurate

results and to determine if these figures could be applied to the entire

300 acre system. However, this ls not feasible due to the fact that the

old flood system is no longer in operation exeept for a very lirnited area,

and it would be costly to restore. Even if it were to be completely

restored, the restored system may not entirely sinulate conditlons in the

past.

tl
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TABLE II - Bulk Density Values Rested and Average Values Used

Dep th

surface

6"

1t

L,'

2t

2\'

3l

3r'

Average Value
of Bulk Densitv

L.25

L.34

1.45

r. 35

L.46

no data

1. 39

L.32

1.40

Value Used

L.25

1.30

1. 30

r.40

1.40

1.40

1.40

1.40

1 .40

t3



TABLE III - Comparison of
with Depth Predicted by
each Irrigation.

Soil-water Added to Top of Field
Infiltration Equation for

. Soi-l-Water
Added to

Irrigation Top of Plot (in)
Depth Predicted
by Equation (in)

8. 30

9 .13

no data

7.40

9 .47

9.15

7 .L2

7 .s3

Effieiency (%)

77

86

49

58

100

I

2

3

4

5

6

7

8

10. 81

6.25

7. 38

9 .47

8. 84

4.75

9.62

Time
(Pin)

187

220

100

68

150

23s

22L

140

155

/4
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TABLE v - Monthly Totar Evapotranspiration for Braney-criddle

Junction, Utah Lg76

BTANEY - CRIDDLE

Equation: u = Qfte)t

Monthly Total Values

Month r p Etp

May 51 9.92 4.3

June 58 9 .95 4.g

July 68 10.10 5.8

Augusr 6L 9.47 4.g

Seprember 57 g.3g 4.L
Total = 24 inches

tr'lhere: t = mean monthly temperature in degrees fahrenheit.

p = percentage of day-time hours of the year, occuring
during given month.

k = empirical coefficlent; .95 for this case.

U = Etp (Evapotranspiration)

/a
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TABLE tI[ - Monthly Total Evapotranspiration for Jensen-Haise

Jwrction, UEah L976

JENSEN - HAISE

Equation: EtP = .015 (Ta - 25)Rs

To eonvert Etp to Inches: Etp = Etp/585 (2.54)

i,lonthly Total Values

Month

May

June

July

August

Erp

.96
+ 1.0 in. for soil evaporation

3. 15

B.2L

5.93

September 4.93
Total = 24 inches

Where: Ta = average of daily rnaximum and minimum temperatures

Rs = (0.35 + 0.61 x ZSS)Rso

Where: Rso = solar radiation for a cloudless day
obtai-ned from "Consumptive Use of Water
and Irrlgation !'later Requirements".

ZSS -- fraction of daily possible sunshine
obtained from "Water Requirenents Manual
for Irrigated Crops and Rainfed Agriculture,"
and local observations.

/r' ,
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TABLE 1H - Seepage Analysis Data

Reading
Numbe r

Upper Vileir

Time CFS

Lower l.lei r
Tirne CFS

I

2

5:32

6 232

8:26

9:00

9:53

10: 33

3227

7:48

9 :03

11: 35

L2:20

1:15

1. 39

1.41

1.41

1.41

L.39

r.43

L.46

.672

1.20

1.5 3

1.43

r .48

6220

6 :40
7:00

8: 35
8:55

9 :15
9:35

10:00
10: 20

L0242
11:00

3: 35
3:52

8:05
B: 20

9: l0
9 z2B

IL:.42
12:00

L2225
L2245

l:28
1:40

1. 39

L.37
r. 35

1. 35
r. 35

1. 39
1. 39

L.37
1. 37

1. 39
r. 39

L.42
L.42

.683

.539

.911

. 91r

L.42
L.42

1. 33
r. 30

r. 30
1. 39

Efficiencv (Z)

100

97
96

95
95

98
98

9B
98

97
97

97
97

80
BO

76
76

93
93

92
9I

88
94

10

11

12

AVERAGE --!-'927.

AVEMGE EXCLUDING READINGS /18 and ll9 - - - - - 95"/"

//



TABLE VII

Date Dep th
fr

ECe
nrnhos /crn

Na
neq/1

C1
neq/1

Moisture
ol

Chemical Analysis for Flood and Sprinkler Plots at beginning
and ending of the Growing Season

FLOOD IRRIGATION DATA

Top Portlon of Plot

TSS
o/

SP
o/

s /3L/7 6

tolL9 /76

s /3L/76

LO /L9176

s /3L/76

L0 lL9 /76

5l3L176

Lo/Le /76

42
32

36
34
30
30

1&2
3&4

1
2

3
4

40
36

34
31
31
35

L&2
3&4

1
2
3
4

0.5
0.4

0.6
0.6
0.5
0.5

0.6
0.7

0.7
0.5
0.7
0.5

0.5
0.4

L.2
0.9
0.9
0.9

0.5
0.4

0.4
0.4
0.3
o.4

0.4
0.3

0.3
0.3
0.2
o.2

14.2
8.5

15. 5
16.3
14.1
13.5

Bottom Portion-.'.of Plot

0.4
0.4

0.6
o.7
0.8
0.8

SPRINKLER IRRIGATION DATA

Top Portion of Plot

0.05
0.03

0.05
0 .06
0.05
0.05

0.05
0.04

0.06
0.08
0.09
0.08

0.05
0.07

0.06
0.05
0.05
0.06

0.04
0. 05

0.06
0.06
0.06
0.06

2L.3
2L.4

26.L
24.5
23.5
23.2

L6.2
2r.7

5.7
8.1
7.2

14. 1

18.1
19.4

L4.5
14.1
15 .9
16.0

0.6
o.4

1.3
L.7
1.9
L.2

0.4
0.4

0.3
0.3
0.3
0.5

0.4
1.0

o.2
o.2
0.5
0.2

1&2
3&4

1
2

3
4

37
35

3B
34
30
30

1&2
3&4

I
2
3
4

36
40

37
33
33
3B

Bottom Portion

0.4
0.5

0.5
0.4
0.4
0.3

of Plot

0.4
0.4

o.7
0.5
0.5
0.7

0.3
0.4

o.4
0.4
0.4
0.3

/,()
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